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INTRODUCTION 
 
Iran's climate conditions varies from arid to humid
annual average precipitation of 250 mm (Ashraf et al.,
2014; Mohammad et al.,  2010) Lack of enough water 
resources is the main constraint for agricultural 
production in arid and semi-arid area in more than fifty 
percent of the country (Bannayan et al
condition when combined with heat stress causes
major limitation for food production worldwide, especially 
in areas that rainfed agriculture plays the main role in 
food production (Hossain and Da Silva, 2012).
the most important cereal in the world and according to 
the International Food Policy Research Institute (IFPRI) 
projections, the world demand for wheat will rise from 552 
million tons in 1993 to 775 million tons by 2020 and 

Merit Research Journal of Agricultural Science and Soil Sciences (ISSN: 2350-2274) Vol. 5(10) pp. 181-186
Available online http://meritresearchjournals.org/asss/index.htm 

 Spatial and Temporal Patterns of 
Planting Period: A Case Study in 

Mashhad- Chenaran Plain, Iran 
 

Jaghargh, 2*Abolghasem Akbari and 3Seyed Mehdi 
 

Abstract 
 

Climatology and crop climatic requirements analysis is one of the most 
important factors for crop efficiency. Considering the 
rainfed farming in the Khorasan Razavi, lead us to optimized the rainfed 
wheat planting period. A comprehensive study
dailyrainfall data was conducted. The main objective
determine the optimal time period of rainfed wheat cropping 
of Mashhad-Chenaran plain. The first rainfall event within the successive 
period of one or two rainy days with rainfall depth of equal and greater than 
5 mm were determined for each water year in all the investigated rainfall 
stations. Then, the date of selected rainfall events

 Julian calendar to generate a time series. 
statistical distributions, Normal distribution was best 
likelihood and considered as most appropriate distribution. 
fitted distribution, the Julian-day of commencing rainfall with the
75% and 50% were identified. Then, areal distribution of the rainfall for the 
two investigated probability were determined using GIS tools
that 21 Nov to 15 Dec and 11 Nov to 5 Dec are the most suitable time
for planting rainfed wheat in the investigated study area 
of 75% and 50% respectively. 
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Iran's climate conditions varies from arid to humid with 
precipitation of 250 mm (Ashraf et al., 

Lack of enough water 
resources is the main constraint for agricultural 

arid area in more than fifty 
et al., 2008). Such 

combined with heat stress causes a 
food production worldwide, especially 

in areas that rainfed agriculture plays the main role in 
, 2012). Wheat is 

world and according to 
the International Food Policy Research Institute (IFPRI) 
projections, the world demand for wheat will rise from 552 
million tons in 1993 to 775 million tons by 2020 and 

60%higher by 2050 (Hossain and
yield is a result of the interaction between plant genetic 
traits, soil properties, field management and climatic 
conditions. In a Mediterranean environment, variation in 
rainfed durum wheat yield is mainly caused by the erratic 
weather pattern, characterized by low and irregular 
rainfall distribution and high temperatures in ‘grain filling’ 
stage (Basso and Dalla-Favera, 2010; Troccoli
2000). Moreover, spatial and temporal variability of soil 
properties may affect wheat growth, yield and grain 
quality at a within-field scale. 
structure of this within-field variability may suggest the 
suitability of site-specific management (Godwin 
Miller,  2003;  Mzuku  et al., 2005) which aims to increase 
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both profitability and environment protection, by reducing 
the risk of pollution from chemical inputs applied at levels 
greater than the optimum (Basso and Dalla-Favera, 
2010). Several researches has demonstrated that the 
combined analysis of soil and crop-growth parameters 
can be effective in delineating areas of different yield 
potential (Basso and Dalla-Favera, 2010; Fleming and 
Sorenson, 2004). 

So, I knowing the day of commencing rainfall in each 
region could facilitate planting date appropriately and 
timely and seeds would benefit effectively from first 
rainfall and therefore budding will be timely too. 
According to Mashhad meteorological department, a 
rainy day is considered when rainfall depth is greater 
than 0.1 mm on that day. Ogbonna and Chukwudi (2016) 
was conducted zoning of wheat production agro-climate 
in Savannah Nigeria and their study shown that climate is 
important factor for wheat growth in a tropical region such 
as Nigeria. They have also pointed out that production 
efficiency is reduced considerably by getting closer to 
equator due to increasing temperature and humidity. 
Rees et al. (1990) has used climate elements and factors 
such as altitude, slope, soil type, temperature, rainfall, 
whole day, evaporation and wind speed in order to zone 
sorghum crops, rice, wheat and potatoes in India. He 
studied the effects of each physical factor on crops 
production. He produced a geodatabase based on the 
aforementioned layers and analyzed using GIS tools and 
produced a map showing the suitable areas for 
agricultural purpose. Boyar, Kamali, Larsen, and López-
Ortiz (2016) evaluated ecologically the rainfed farming in 
terms of climate condition with emphasizing on wheat 
production. They studied appropriate climatic parameters 
for ecophysiology needs of wheat were reviewed step by 
step and finally, areas were classified in three 
susceptibility zones known as prepared, semi-prepared, 
non- prepared and a region where its climatic parameters 
are suited for the needs of plant and growth steps and 
was selected the final area (Boyar et al., 2016). It is 
important to understand the most effective factors on the 
growth and yield of wheat to prepare responsive 
strategies to future climate change. Principal component 
analysis (PCA) is a technique to transform a given set of 
characteristics (variables), which are mutually correlated, 
into a new system of characters known as principal 
components (PCs) which are not correlated (Rymuza and 
Pytko, 2012). This technique has been used in some 
studies for analysis and assessment of effective factors 
on crop yield production. PCA is suitable for multivariate 
analysis of inter correlated data such as agro climatic 
factors limiting crop yields (Chen et al., 2009). To explore 
a new analysis method, Wigley and Qipu (1983) 
decomposed both yield and climate data time series into 
principal components which were then related using 
standard multiple regression. Salchow and Lal (2001) 
applied the PCA to associate corn and soybean yield to 
the measured  physiographic  attributes  of  a  landscape  

 
 
 
 
with soil erosion. Reynolds, Calderini, Condon, and 
Vargas (2007) investigated the association of source/sink 
traits with wheat yield in a high-yield environment by 
using PCA, based on the correlation matrix using the 
Principe procedure of SAS. G. Chen and Qian (2009) 
employed PCA to explore major modes of joint variability 
in the regional water-related agro climatic indices at five 
growing stages of spring wheat. Cai and Tu (2011) 
developed a Principal Component Regression (PCR) 
model to estimate the historical relationships between 
weather and crop yields of corn, soybeans, cotton, and 
peanuts for several northern and southern U.S. States. In 
their study, weather factors, instead of using directly, 
were transformed from original weather variables by the 
PCA. This study aims to provide proper temporal and 
spatial pattern of rainfed wheat in Mashhad- Chenaran 
plain in order to identify the most appropriate date of 
rainfed wheat farming with 75 and 50 percent possibilities 
so that rainfed wheat farming have less risk and greater 
production in future prospects. 
 
 
Case Study Area  
 

The Mashhad- Chenaran plain is located between 58˚ 22′ 

to 61˚ 07′ east longitude and 40˚ 35′ to 37˚ 03 ′north 
latitude. The study area covers an area of 9909 sq.km 
which is located in the middle of the Karakum basin and it 
is elongated from the North West to South East. Kashaf 
River is considered as the major drainage basin of study 
area. The main connected branches to Kashaf river are 
including of Frisian rivers, Akhlamad, Golmakan, Tour, 
Jaghargh, Hasar, Torogh, Radekan, Ardak and Kardeh 
which they are located in the mountain and foothills areas 
with a constant flow and aquifer fed area. The elevationis 
ranged from 1531 mto 3200 m above MSL. Average 

temperature and pan evaporation in this area are 12.6°C  
and 2040 mm respectively. (Figure 1) 
 
 
MATERIAL AND METHODS 
 
The data used in this study includes average monthly 
temperature of 10 synoptic stations, climatology and 
evaporation gauging during statistical period and 
Observation daily rainfall available since 1991 -2012 
received from 28 rain –gauge stations of Energy Ministry. 
The reason for choosing this period with rainfall threshold 
equal to or more than 5 mm is that the rainfall is able to 
penetrate to a depth of sowing and to supply germination 
stage required water (Kamali, 2010). Extracted dates of 
each station were encoded based on Julius day. Specific 
codes (Julius days) of each station were analyzed using 
statistical software of HyfaRun during index period (21 
years, 1991-2012). The most appropriate statistical 
distribution was chosen based on error index and then, 
the first day with effective rainfall  for  probabilities  of 75 



 
 
 

 

Figure 1. Layout of the study area. 

 
 

Table 1. Comparing the statistical parameters and standard error of interpolation methods
 

R
2
 RMSE 

interpolation 

0.50 8.49 

0.71 6.60 

0.64 6.78 

0.69 7.02 

0.50 6.87 

 
 
and 50% was extracted and zoned for each station.
 
 
FINDINGS AND RESULTS 
 
In any scientific research, hypothesis testing is one of 
most important steps of developing and analyzing the 
obtained results. When the number of dataset is 
equal than fifty (n≤50), Shapiro and Wilk (1965)
be used to investigate whether the dataset follow the 
normal distribution or not. The Shapiro and Wilk
based on the two hypotheses known as H0 and H1 in 
which the H0 is normal data distribution and H1 is non
normal data distribution. H0 hypothesis was confirmed at 
95% confidence level. Agricultural operation is confirmed 
by 75% probability and values with probability of 50% 
were presented in order to increase reliability and reduce 
risks of this study. Then, the dataset was re
based on the Julian calendar with respect to precipitation 
probability of 75% and 50% for each state from normal 
distribution curve.  
 
 
Rainfed Farming of Mashhad- Chenaran Plain
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After   generating   the   required   parameters 

Comparing the statistical parameters and standard error of interpolation methods

interpolation 
methods 

 

 

Precipitation 
 

Statistical 
parameters 50% 75% 

IDW  56.0 56.0 Samples
 

OK  40.8 55.5 Average
 

UK  10.1 11.9 Standard deviation
 

RBF  2.9 2.1 kurtosis

LP  0.16 -0.14 Skewness
 

and 50% was extracted and zoned for each station. 

In any scientific research, hypothesis testing is one of the 
most important steps of developing and analyzing the 

dataset is less or 
Shapiro and Wilk (1965) test could 

whether the dataset follow the 
Shapiro and Wilk test is 

based on the two hypotheses known as H0 and H1 in 
0 is normal data distribution and H1 is non-

normal data distribution. H0 hypothesis was confirmed at 
95% confidence level. Agricultural operation is confirmed 

probability and values with probability of 50% 
were presented in order to increase reliability and reduce 

the dataset was re-encoded 
with respect to precipitation 

tate from normal 

Chenaran Plain based 

parameters   for   each 

stations in form of point map
performed based on conventional methods.
majority of interpolation methods, 
normal distribution of data is essential.
of each station were extracted and transferred to 
environment, zoning was performed with 5 methods 
including Location polynomials (LP), radial basis function 
(RBF), inverse distance weighting (IDW), Ordinary 
Kriging (OK) and Universal Kriging (UK); Ordinary Kriging 
was selected as zoning method using the root mean 
square error (RMSE) index and correlation coeff
(R

2
), with minimum standard error and maximum 

correlation. The standard error of each method is 
presented in Table 1. Start date of rainfall in 
farming areas is very important. Since the require water 
of rainfed farming is supplied only by rainfall, therefore, 
planting and biological activities start date depends on 
Rainy season in rainfed farming 
rainfed farming overlay with other maps and 
of rainfed planting was determined 
Accordingly, the most appropriate time for wheat planting 
in relatively whole study area with 75% probability is 
beganfrom 12 November to 6 December and with 50% 
probability is from 2 November to 26 November. Wheat 
planting in the study area is carried out in
and continued toward the 
about two decades, it has been 

Jaghargh et al.  183 

 

Comparing the statistical parameters and standard error of interpolation methods 

tatistical 
parameters 

Samples 
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Standard deviation 

kurtosis 

Skewness 
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majority of interpolation methods, the assumption of 
normal distribution of data is essential. When parameters 
of each station were extracted and transferred to the GIS 
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square error (RMSE) index and correlation coefficient 
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Start date of rainfall in rainfed 
areas is very important. Since the require water 

farming is supplied only by rainfall, therefore, 
planting and biological activities start date depends on 

rainfed farming areas. Then, the area of 
overlay with other maps and starting time 

was determined for each city. 
Accordingly, the most appropriate time for wheat planting 

study area with 75% probability is 
12 November to 6 December and with 50% 

probability is from 2 November to 26 November. Wheat 
is carried out in Chenaran city 

 Mashhad. Therefore, for             
it has been  experienced  that rainfed  
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Figure 2. Spatial variation of of commencing rainfall with probability of 50% and 75%  in the study 
area 

 
 
 
farming on Mashhad-Chenaran plain starts from 
November to mid-December. According to frequency 
distribution analysis, Julian day begins with 75% and 
50% probable precipitation. 

In the next step, the spatial pattern for the appropriate 
time zoning for the 75 and 50 probable precipitation were 

identified. As result, it was found that the most suitable 
time frame for planting wheat with a probability of 75% in 
the study area is commencing from 21 November to 15 
December and for 50% probability is commencing from 
11 November to 5 December (Figure 2). By overlying the 
two  generated  maps  with  the  rainfed  farming  areas in  
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Table 2. Area of rainfed wheat with 50% and 75 % probability in study area 
 

50% Pre. Pro.  

Start day Julian Chenaran Sh-
Torghabeh 

Mashhad Total 

12-17 Oct 20-25  -- 110.22 110.22 

18-22 Oct  25-30 290.47 -- -- 290.47 

Oct23-27 30-35 1432.71 -- 7516.24 8948.95 

28 Oct-01 Nov 35-40 847.40 104.65 3956.81 4908.85 

02-06 Nov  40-45 29677.24 1058.67 15910.20 46646.12 

07-11 Nov 45-50 17701.47 3034.92 41964.44 62700.84 

12-18 Nov  50-55 -- 5085.01 33210.79 38295.80 

17-21 Nov 55-60 -- 807.39 11327.38 12134.77 

22-28Nov 60-65 -- -- 12113.61 12113.61 

After 28 Nov 65-70 -- -- 3933.74 3933.74 

75% Pre. Pro. 

28 Oct-01 Nov 35-40 89.36 -- 110.22 199.58 

Nov02-06  40-45 364.18 -- 1129.39 1493.57 

07-11Nov 45-50 1661.31 -- 6407.06 8068.37 

12-16 Nov 50-55 1570.94 12.68 3314.10 4897.71 

17-21 Nov 55-60 30526.17 1121.79 12307.47 43955.43 

22-26 Nov 60-65 12783.27 2364.15 31322.22 46469.63 

27 Nov-01 Dec  65-70 2954.07 6220.40 39110.04 48284.51 

02-06 Dec 70-75 -- 371.64 30876.44 31248.08 

After06 Dec >75 -- -- 5466.50 5466.50 
 

Pre.Pro: Precipitation Probability 

 
 

 
 

Figure 3. Rainfed farming areas in the Mashhad-Chenaranplain 

 
 
 
Mashhad-Chenaran plain (Figure 3), the area of rainfed 
wheat with 50% and 75 % probability could be identified 
(Table 2). 

CONCLUSION 
 
In This research, spatial pattern of rainfed wheat farming 
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was determined in different parts of study area. 
Mashhad- Chenaran plain is included of Mashhad, 
Chenaran, Torqabe- Shandiz; the maximum area of 
rainfed farming areas is located in Mashhad and the 
minimum areas are located in Torqabe- Shandiz city. It 
was found that it more convenient to be planted rainfed 
areas of Chenaran and then Mashhad and Torqabe-
Shandiz. It was also found that the deadline date of 
rainfed farming in Chenaran is late November and for 
Mashhad is in mid-December. Farmers of this area could 
plant wheat from late October to early November 
according to the location of their rainfed farms.Moreover, 
to increase the performance and efficiency of production, 
experts should have identified the right time which can 
lead to an increase in the production and farmer’s 
income. This study provides vital information for rainfed 
wheat farming as it can seriously effect the agricultural 
production just by following a given timeframe in the 
study area.This result also could mitigate the negative 
effects of meteorological or hydrological drought and 
consequently social and economic drought. However, this 
study can be further developed by incorporating soil type 
and soil moisture content in the rainfed farming areas. 
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